In this exploratory study the results of characterisation of a poly(oxyethylene) (PEO)/siloxane hybrid network electrolyte doped with lithium hexafluoroarsenate (LiAsF 6 ) are described. In accordance with convention, the lithium salt concentration is expressed in terms of the number of oxyethylene units in the organic component of the host network per Li + ion guest species.
Introduction
According to Judeinstein and Sanchez's classification 1, hybrid materials in which the organic and inorganic components are linked by strong chemical bonds are designated as Class II hybrids. Several new classes of materials with novel physical and chemical properties have been synthesised by different routes using a combination of organic and inorganic segments 2. These materials are of increasing interest because of potential applications in technologically-demanding areas including optical coatings, contact lenses and electrochromic displays 3-6. Owing to its high versatility, the solgel method offers important advantages for the preparation of this class of materials 7.
There is a wide choice of metal alkoxide precursors that allow the preparation of matrices with different physical and chemical properties.
The development of electrochromic (EC) materials is an exciting and rapidly-expanding field of research 8. Electrochromism may be defined as a persistent and reversible switch of colour (typically from a transparent or "bleached" state to a coloured or "written" state) in response to an electrochemical change.
A conventional electrochromic device (ECD) is composed of three elements arranged in a layered, "sandwich"-type configuration in which an EC electrode and a counter-electrode (CE) are physically separated, but ionically connected, by a liquid or solid (e.g., polymer) electrolyte. Colour changes occur by charging/discharging this electrochemical cell through the application of an electrical potential. A common feature of ECDs is that once they are coloured, the activating voltage can be switched off and the colour retained (memory effect), making them more energy efficient.
In recognition of their potential application in ECDs, we have prepared d-U(2000)-based hybrid electrolytes with a wide range of LiAsF 6 concentrations and characterised their ionic conductivity, electrochemical stability and thermal behaviour. 
Experimental

Materials
Lithium hexafluoroarsenate (LiAsF 6 , Aldrich, 99.998%) was used without further purification and stored prior to use in a high integrity, dry argon-filled glovebox.
The O,O'-diamine poly(oxyethylene-co-oxypropylene) ( 
Preparation of the di-ureasil ormolytes
The synthetic procedure used to prepare the LiAsF 6 -based diureasils was based on an optimised two-step method previously described in detail elsewhere 9. The experimental procedure involves grafting a PEO-based diamine onto the ICPTES substrate to yield the di-urea-bridged hybrid precursor. This grafting process was monitored by IR spectroscopy. As the reaction proceeds the very strong, narrow absorption band located at ca. 2274 cm -1 , assigned to the vibration of the isocyanate group of the ICPTES molecule, becomes progressively less intense, while the bands due to the presence of urea cross-links absorb more strongly. This intermediate material was
subsequently hydrolysed and condensed in the sol-gel stage to induce growth of the siloxane network.
Step 1 Scientific TG 1000 thermobalance operating under a flowing argon atmosphere. A heating rate of 10 º Cmin -1 was used to analyse all the hybrid samples.
Impedance spectroscopy
Total ionic conductivities of hybrid samples were determined using a constant volume support equipped with gold blocking electrodes and located within a Buchi TO 50 oven. The sample temperature was evaluated by means of a type K thermocouple placed close to the electrolyte film and impedance measurements were carried out at frequencies between 65kHz and 500mHz using an Autolab PGSTAT-12 (Eco Chemie), 
Electrochemical stability
Evaluation of the electrochemical stability window of hybrid compositions was carried out within a dry argon-filled glovebox using a two-electrode cell configuration.
The preparation of a 25µm diameter gold microelectrode surface by the conventional polishing routine was completed outside the glove box. The microelectrode was then 6 washed with THF, dried with a hot-air blower and transferred to the interior of the glove box. Cell assembly was initiated by locating a freshly-cleaned lithium disk counter electrode (10 mm diameter, 1mm thick, Aldrich, 99.9% purity) on a stainless steel current collector. A thin-film sample of d-U(2000) n LiAsF 6 was centered over the counter electrode and the cell assembly completed by locating and supporting the microelectrode in the centre of the electrolyte disk. The assembly was held together firmly with a clamp and electrical contacts were made to the Autolab PGSTAT-12 potentiostat used to record voltammograms at a scan rate of 100 mVs -1 . All measurements were conducted at room temperature within a Faraday cage located inside the dry argon-filled glovebox.
Assembly and characterization of the ECDs
Indium zinc oxide (IZO) films were deposited on glass substrates by r.f. were pressed together so that the two coated faces bonded together inside the assembled system. In this manner a thin electrolyte layer with a surface area of approximately 2 cm 2 was formed. A strip of contact area was left uncoated on each side of the glass slide in order to make electrical contacts to the external circuit. The entire assembly procedure described in this section was carried out under atmospheric conditions.
Results and discussion
Thermal behaviour of electrolytes
Analysis of the thermograms of the d-U(2000) n LiAsF 6 electrolytes represented in Fig. 1 leads us to conclude that these materials are semi-crystalline over the range of compositions studied. The endothermic peak located close to 50ºC, more evident in the thermograms of the less concentrated samples, is attributed to the fusion of PEO spherulites [10] . The onset temperature of thermal decomposition was estimated by thermogravimetric analysis using extrapolation of the baseline and tangent of the curve of thermal events to identify the initiation of sample weight loss (Fig 2) . The results of DSC and TGA analysis are consistent with a minimum thermal stability of about 255ºC 8 for the n = 2.5 electrolyte composition ( Fig. 1 and 2 ), a value considered acceptable for applications in EC displays under normal operating conditions. The results presented in In salt-rich compositions the increase in Tg is greater than 20ºC and the poor mechanical properties of these compositions preclude their use in practical devices. At salt content of n = 2.5 films were not flexible and fragmented when subjected to mechanical stress.
The hybrid matrices described in this study are complex three-dimensional structures Raman Spectroscopy may help to provide additional information to clarify this aspect of these materials.
Ionic conductivity of electrolytes
The ionic conductivities of various hybrid electrolyte compositions over the temperature range from 25 to 90 ºC, and as a function of salt content (n from 2. From the results presented in Fig. 4 it is evident that the most conducting sample of the series is d-U (2000) This result was expected, as the PEO-based electrolytes are generally poor conductors at ambient temperature due to the presence of crystalline material. The conductivity results, included in Fig. 4 , confirm that this electrolyte system behaves in a similar manner to that reported for other ormolytes systems [14] [15] [16] . As the mechanism of ionic transport is depends on the flexibility of the polymer chain, components that increase free volume may be expected to have a beneficial influence on conductivity. A further increase in salt content, beyond the salt composition associated with the electrolyte with the lowest T g , results in an increase in the energy required for chain rotation and a decrease in the segment mobility. Restrictions in the motion of the polymer chain segments, responsible for ion transport, explain the sudden decrease in conductivity at high salt content, a fairly common observation in solvent-free polymer electrolyte systems.
Electrochemical stability
The electrolyte was determined by microelectrode cyclic voltammetry over the potential range -2.0 to 6.0 V ( Figure 5 ). The potential limit for the electrolyte composition was determined as the potential at which a rapid rise in current was observed and where the current continued to increase as the potential was swept in the same direction. On the cathodic sweep a low current peak at approximately 4.0V vs. Li/Li + was observed and attributed to the reduction of decomposition products that were formed at the anodic limit. Lithium deposition begins in the cathodic region at about -1.0 V vs. Li/Li + . The overall stability of the electrolyte is good with no electrochemical oxidation occurring at potentials less than 5.0 V. This result confirms that the electrolyte system has adequate electrochemical stability for application in electrochromic displays or practical primary and secondary cells.
Electrochromic device operation
The structure of the prototype solid-state electrochromic device is represented in Figure 6 . The colouring and bleaching voltages were 3 V and -1. 
